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A b s t r a c t  
In  t h i s  paper  t h e  s u p p o r t  system 
i n t e r f e r e n c e  on t h e  z e r o - l i f t  d r a g  o f  an 
ax i symmet r i c  and an a i r c r a f t  t y p e  models 
i s  d iscussed.  Tuo d i f f e r e n t  t echn iques  
were adop ted  f o r  t h e  t u o  models  t e s t e d  t o  
e v a l u a t e  t h e  s u p p o r t  s t i n g  i n t e r f e r e n c e .  
It i s  found f r o m  these  t e s t s  t h a t  t h e  
presence o f  a r e a r  s t i n g  s u p p o r t  u o u l d  
r e s u l t  i n  a r e d u c t i o n  i n  t h e  z e r o - l i f t  
d r a g  o f  as much as 213 t o  50 p e r c e n t  o f  t h e  
t r u e  va lue.  This apparen t  r e d u c t i o n  i n  
d r a g  is f o u n d  t o  be a s t r o n g  f u n c t i o n  of 
t h e  f r e e  s t r eam Mach number c l o s e  t o  
u n i t y .  D e t a i l e d  p r e s s u r e  measurements 
o v e r  t h e  a f t- body  o f  t h e  a x i s y m n e t r i c  
model  SuQgeStS t h a t  due t o  t h e  p o s i t i v e  
p r e s s u r e  f i e l d  imposed by  t h e  s t i n g  over  
t h e  b o a t - t a i l  r e g i o n  o f  t h e  model t h e  f r e e  
s t ream Rach number a t  u h i c h  t h e  shocks 
appear  i n  t h e  b o a t - t a i l  r e g i o n  u i11 be 
h i g h e r  uhen t h e  s t i n g  i s  p r e s e n t  t h a n  t h a t  
u i t h o u t  i t .  This u i l l  r e s u l t  i n  an 
i n c r e a s e d  d r a g  d i ve rgence  flach number f o r  
t h e  model  i n  t h e  p resence  o f  t h e  s t i n g .  
It i s  a rgued  t h a t  because o f  t h i s  reason  
t h e  s t i n g  e f f e c t  on  z e r o - l i f t  d r a g  
s t r o n g l y  depends on  t h e  flach number c l o s e  
t o  u n i t y .  
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L i s t  of Symbols 
Z e r o - l i f t  f o r e  d r a g  c o e f f i c i e n t  
Z e r o - l i f t  t o t a l  d rag  
c oe f  f i c i e n t  
Inc rement  i n  t h e  d r a g  
C o e f f i c i e n t  due t o  s t i n g  
I nc remen l  i n  t h e  b o a t - t a i l  
d r a g  c o e f f i c i e n t  due t o  S t i n g  
Inc rement  i n  t h e  base d r a g  
c o e f f i c i e n t  due t o  s t i n g  
Increment  i n  a f t  body d r a g  
c o e f f i c i e n t  due t o  s t i n g  
Raximum d iameto r  o f  t h e  model 
S t i ng  d i ame te r  a t  t h e  base of 
t h e  model 
Rode l  base d iamete r  
F r e e  s t ream Rach number 
Leng th  o f  t h e  cons tan t  d i a -  
meter  p o r t i o n  o f  t h e  s t i n g .  - 
S c i e n t i s t ,  Aerodynamics D i v i s i o n .  
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I. I n t r o d u c t i o n  
i s  w e l l  knoun t h a t  due t o  t h e  up- 
s t ream i n f l u e n c e  o f  t h e  r e a r  s t i n g  suppo r t  
system, t h e  model aerodynamic c h a r a c t e r -  
i s t i c s  g e t  a f f e c t e d  d u r i n g  u i n d  t u n n e l  
t e s t i n g .  I n e  magni tude o f  t h i s  i n f l u e n c e  
m a i n l y  depends on t h e  s t i n g  and model 
geometry a t  t h e  base. Th i s  upst ream 
i n f l u e n c e  i s  q u i t e  marked a t  subsonic  and 
t r a n s o n i c  speeds b u t  i s  r e l a t i v e l y  s m a l l  
a t  superson ic  speeds. The aerodynamic 
c h a r a c t e r i s t i c  u h i c h  g e t s  a f f e c t e d  n o s t ,  
because of' t h e  s u p p o r t  s t i n g  i n t e r f e r e n c e ,  
i s  t h e  z e r o - l i f t  d rag  o f  t h e  model and 
g e n e r a l l y  t h e  v a l u e  decreases. T h i s  
apparen t  decrease i n  d r a g  t u r n s  o u t  t o  be 
a s t r o n g  f u n c t i o n  o f  Rach number a t  
t r a n s o n i c  speeds f o r  c e r t a i n  t y p e  o f  s t i n g  
geometry. 
The p resen t  paper  d iscusses  t he  
s u p p o r t  system i n t e r f e r e n c e  on t h e  zero- 
l i f t  d r a g  o f  t u o  models i n  t he  flach number 
range o f  0.5 t o  1.2. The f i r - - t  model uas 
an ax isymmet r i c  one f o r  uhi.  he  zero-  
l i f t  d r a g  was f o r c e  measured J s i n g  a r e a r  
s t i n g  suppor t .  The s u p p o r t  s t i n g  i n t e r -  
f e r e n c e  f o r  t h i s  model uas  eva lua ted  by  
i n t e g r a t i n g  t h e  p ressu res  over  t h e  boa t-  
t a i l  s u r f a c e  and t h e  base o f  t h e  model. 
These p ressu res  u e r e  o b t a i n e d  by  u s i n g  a 
p r e s s u r e  model mounted on a separa te  s t r u t  
suppo r t ,  w i t h  and u i t h o u t  t h e  presence of 
t h e  dummy s t i n g  l o c a t e d  a t  t h e  model base. 
The second model uas  o f  a i r c r a f t  type. 
I n  t h i s  case t h e  z e r o - l i f t  d r a g  uas also 
f o r c e  measured by t h e  same r e a r  s t i n g  
suppor t .  B u t  t h e  suppo r t  s t i n g  i n t e r -  
fe rence  uas  e v a l u a t e d  by  making a d d i t i o n a l  
f o r c e  measurements on t h e  same model, 
suppor ted  f r o m  a " s lende r  s t i ng . "  
With t h e  abnve method o f  e v a l u a t i o n  of 
t h e  suppo r t  system i n t e r f e r e n c e  i t  i s  hoped 
t h a t  b u l k  o f  t h e  i n t e r f e r e n c e ,  u h i c h  is 
a t t r i b u t a b l e  t o  t h e  suppor t  system i n  t h e  
immediate ne ighbourhood o f  t h e  model base, 
i s  measured. I n  f a c t ,  t h e r e  i s  some 
i n d i r e c t  ev idence  t o  t h i s  e f f e c t .  
11. D e s c r i p t i o n  o f  t h e  models and 
t h e  Suppor t  System 
f i g .  1 g i v e s  t h e  g e o m e t r i c a l  d e t a i l s  
o f  t h e  model and t h e  t u o  suppo r t  systems 
used f o r  t h e  ax i symmet r i c  model. f i g .  2 
g i v e s  s u p p o r t  system d e t a i l s  o f  t h e  a i r -  
c r a f t  t y p e  model. A l l  t h e  r e l e v a n t  
g e o m e t r i c a l  pa ramete rs  of t h e  s t i n g s  a r o  
a l s o  marked i n  F i gs .  1 and 2. Both t h e  
models hod  s u i t a b l e  boundary l r y e r  t r i p p i n g  
d e v i c e s  t o  o b t a i n  t u r b u l e n t  boundary l a y e r  
over  t n e  models. 
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( a )  FORCE MODEL ON 'REGULAR STING' SUPPORT 
I 
-5 idb- I \> 9 stotc pressure ports 
(b) PRESSURE MODEL ON STRUT SUPPORT 
WITH A DUMMY STING 
F i g u r e  1. D e t a i l s  o f  t h e  ax i symmet r i c  
model and s u p p o r t  system. 
( 0  1 MODEL ON 'REGULAR STING' 
111. Test  F a c i l i t y  and t h e  Tes t  Programme 
The t e s t s  were conduc ted  i n  t h e  1.2R 
T r i s o n i c  bloudown Tunne l  o f  NAL i n  t h e  
Rach number range  of 0.5 t o  1.2. A t e s t  
i n c i d e n c e  range 07 -20  t o  +60 uas  covered,  
d u r i n g  a l l  t h e  Force  measurements u i t h  
t h e  " r e g u l a r  s t ing, -  t o  g e t  t h e  z e r o - l i f t  
d r a g  v a r i a t i o n  u i t h  Rach nuaber. Houever, 
w h i l e  e v a l u a t l n g  t h e  s u p p o r t  s t i n g  i n t e r -  
fe rence ,  t h e  i n c i d e n c e  uas  k e p t  a t  ze ro  
degrees  f o r  b o t h  t h e  aode ls .  The s tagna-  
t i o n  p r e s s u r e  was h e l d  c o n s t a n t  a t  a11  
t h e  t e s t  Rach numbers and consequen t l y  
t h e  un i t  Reynolds number v a r i e d  f r o m  
17 x 106/PI t o  26 x 106/R i n  t h e  t e s t  Rach 
number range. 
The t e s t  i n c i d e n c e  has  been c o r r e c t e d  
f o r  t h e  suppo r t  s t i n g  d e f l e c t i o n ,  i f  any, 
due t o  a i r  l oads  on t h e  model. For t h e  
ax isymmet r i c  model t h e  t o t a l  z e r o - l i f  t 
d r a g  c o e f f i c i e n t  ( C C T ) ,  and f o r  t h e  a i r -  
c r a f t  t y p e  model t h e  z e r o - l i f t  f o r e d r a g  
c o e f f i c i e n t  (C ) have been computed. I n  
comput ing  C 
s u t t r a c t e d  Piom t h e  measured t o t a l  drag.  
,'€he base d rag  has  been 
f i g .  3 g i v e s  t h e  v a r i a t i o n  o f  t h o  
DT 
z e r o - l i f t  d r a g  u i t h  Rach number F o r  t h o  
a x i s y n m e t r i c  model. The va lues  o f  C 
o b t a i n e d  
i )  f rom f o r c e  measurements w i t h  t h e  
" r e g u l a r  s t i n g "  and 
ii) a f t e r  a p p l y i n g  t h e  t u o  s t i n g  c o r r e c-  
t i o n s  namely AC due t o  t h e  changes 
i n  t h e  model b o g t - t a i l  p ressu res  and 
A C D b  , due t o  changes i n  t h e  model 
base p ressu re ,  b o t h  o b t a i n e d  Prom t h e  
p ressu re  model da ta ,  
Estimated 
--i~- Measured with 'Regular stmg' 
- Corrected for sting effect COT 
O E U -  1.0 uslng pressure model doto 
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F i g u r e  3.  Z e r o - l i f t  d r a g  of 
a x i s y a a e t r i c  model. 
have  been p l o t t e d  i n  t h i s  f i g u r e ,  The 
r e d u c t i o n  i n  t h e  z e r o - l i f t  d rag  because o f  
t h e  s u p p o r t  s t i n g  i n f l u e n c e  on t h e  boa t -  
t a i l  and base p ressu res  of t h e  model is 
q u i t e  marked (a lmos t  50% t o  l O n $  of  t h e  
measured va l ue ) .  A lso  p l o t t e d  i n  t h i s  
f i g u r e  i s  t h e  e s t i m a t e d  subsonic  zero-  
l i f t  d r a q  c o e f f i c i e n t  ( u s i n g  Raf.  1). 
I f  t h i s  e s t i m a t e  i s  assumed t o  be c l o s e  t o  
t h e  t r u e  valcrs i t  appears f rom t he  f i g u r e  
t h a t  b u l k  o f  t h e  suppo r t  system i n t e r -  
f e r e n c e  has  been eva lua ted ,  a t l e a s t  a t  l O u  
subson ic  speeds, f r o m  t h e  p r e s e n t  method 
o f  s u p p o r t  s t i n g  i n t e r i e r e n c e  e v a l u a t i o n .  
f i g .  4 shous t h e  v a r i a t i o n  o f  t h e  
i n c r e m e n t a l  a f t - b o d y  d rag  AC due t o  
s u p p o r t  s t i n g  i n t e r f e r e n c e ,  8f;h Rach 
number. The v a r i a t i o n  o f  t h e  b o a t - t a i l  
d r a g  coaponent {AC ) i s  a l s o  p l o t t e d  
i n  t h i s  f i g u r e .  
At ( A C  - A C  ) i s  found  t o  be 
c o n i k i n t  up! PI = PO. ButAC , though 
remain. n e a r l y  c o n s t a n t  u p t o  ,Rut n * 0 . 9 ,  
i n c r e a r o s  r a p i d l y  and roach06 a peak 
v a l u e  8round p1 = 1.0. Beyond f l  - 1.0 
b o t h  A C and A C decrease v e r y  r a p i d l y .  
The r e a k s  f o r  PRe enhanced r t i n g  e f f e c t  
T h ~ i n c r e m e n t e l  base d rag  
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F i g u r e  4 .  I n c r e m e n t a l  b o a t - t a i l  a n d  a f t -  
b o d y  drpr ,  or  2~ . zymor . j t r i c  rnoclel. 
a t  l a c h  numner  a p ~ r o a c 7 l n 2  ~ n : t y  i t s  
r e d u c t i o n  b e y o n d  R = '.9 a r e  g i ~ e n  b e l o w .  
A d e t a i l e d  s t u d y  of t h e  b o a t - t a l l  
p r e s s u r e  h a s  shown t h a t  f o r  f r e e  stream 
R a c h  n u m b e r s  a b o v e  0.95,  t h e  f l o u  o n  t h e  
b o a t - t a i l  r e g i o n  o f  t h e  a x i s y n m e t r i c  m o d e l  
b e c o m e s  s u p e r s o n l c  a n d  u n d e r g o e s  a s u d d e n  
c o m p r e s s i o n  t h r o u g h  a n e a r l y  n o r m a l  s h o c k ,  
l o c a t e d  w e l l  a h e a d  of  t h e  m o d e l  b a s e .  
T h i s  s h o c k  m o d i f i e s  t h e  p r e s s u r e  d i s t r l b u -  
t i o n  o n  t h e  b o a t - t a i l  s u r f a c e  c o n s i d e r a b l y  
a n d  i n c r e a s e s  t h e  b o a t - t a l l  d r a g  a t  Rach 
n u m b e r s  aboue 0.a5 ( S e e  f i g .  5 ) .  F u r t h e r ,  
o Without dummy sting 
A With dummy sting 
1 J 
0 - 5  1-0 
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F i g u r e  5. E o a t - t a i l  d r a g  o f  a x i -  
s y n m e r r i c  m o d e l .  
t h e  p r e s e n c e  of t h e  s t i n g  c a u s e s  a n  up- 
stream movement  o f  t he  s h o c k .  C i t e r n a -  
t i v e l y ,  i t  c a n  be a r g u e d  t h a t  f o r  t h e  same 
s h o c k  p o s i t i o n  o n  t h e  m o d e l  t h s  f r e e  
stream R8Ch n u m b e r  u i l l  be s l i g h t l y  h i g h e r  
i n  t h e  p r e s e n c e  o f  t h e  s t i n g  t h a n  t h a t  
w i t h o u t  it. T h i s  u i l l  r e s u l t  i n  * h i g h e r  
d r ag  r i se  n8Ch n u m b e r  f o r  t h e  model u h e n  
t h e  s t i n g  is p r o s e n t .  T h e  P o r o g c i n p  
O b s 8 r v a t i o n s  u i l l  p r o v i d e  a p l a u s i b l e  
e x p l a n a t i o n  f o r  t h e  r a p i d  i n c r e a s e  i n  t h e  
s t i n g  e f fec t  ( AC,) aa t h e  Rach n u a b e r  
8 p p r O a C h e S  u n i t y .  A 8  c a n  b e  e x p e c t e d ,  
u i t h  i n c r e a s e  i n  t h 8  Cree stream Rach  
number  t h e  r ea r  s h o c k  is s u e p t  f u r t h e r  
d o w n s t r o a m  t h e  model a n d  t h e  sting 
e f f e c t  ( A C  ar  AC ), a f t e r  r e a c h i n g  
a maximum v 8 f u e  a r o % d  R = 1.0, d e c r e a s e s  
r a p i d l y  t o  a l m o s t  z e r o  v a l u e  when t h e  
s h o c k  i s  a t  t h e  m o d e l  base. 
f i g .  6 s h o u s  t h e  v a r i a t i o n  o f  t+te 
f o r e d r a q  c o e f f i c i e n t  o f  t h e  a i r c r a f t  t y p e  
model  u i t h  Rach number  f o r  b o t h  t h e  
" r e g u l a r  s t i n g "  and  t h e  " s l e n d e r  s t i n g "  
ca ses .  I n  t h i s  c a s a  t h e  r e d u c t i o n  i n  t h e  
z e r o - l i P t  d r a g ,  d u e  t o  t h e  s t i n g  i n f l u e n c e  
i s  a b o u t  20% of t h e  m e a s u r e d  v a l u e  a t  
PI = 0.9. It s h o u l d  b e  n o t e d  ? e r e  t h a t  t h e  
r e d u c t i o n  i n  CDF s e e n  i n  t h i s  c a s e  is 
m a i n l y  b e c a u s e  o f  t h e  c h a n g e s  in t h e  
b o a t - t a i l  p r e s s u r e s  a l o n e .  
f i g u r e  6.  Z e r o - l i f t  f o r e d r a g  o f  
a i r c r a f t  t y p e  model .  
f u r t h e r ,  i t  c a n  a l s o  be not i : ed  f r o m  
F i g . 6  t h a t  t h e  d i p  i n  t h e  z e r o - l i f t  d r a q  
o c c u r r i n g  a r o u n d  M = 0.9 ( w h i c h  c a n  b e  
a t t r i b u t e d  t o  t h e  v a r y i n g  e f f e c t  of t h e  
s t i n g ,  i n  t h i s  Rach numoer r a n g e  on  t h e  
b o a t - t a i l  pressures  of t h e  model! h a s  
p r a c t i c a l l y  d i s a p p e a r e d  i n  t h e  case of 
s l e n d e r  s t i n g .  
T h e  d r a g  d i v e r g e n c e  mach number  is 
o v e r  p r e d i c t e d  t o  a n  e x t e n t  o f  0.05 (See 
f i g .  6 )  i n  t h e  p r e s e n c e  o f  t h e  " r e g u l a r  
s t i n g "  t h a n  t h a t  u i t h  the  " s l e n d e r  s t i n g . "  
f i g .  7 ,  u h i c h  g i v e s  t h e  v a r i a t i o n  of 
- ( c D ~ l  'Slender sting' 
0 . e  1.0 1.2 
M 
f i g u r s  7 .  I n c r e a e n t a l  z e r o - l i f t  f o r e d r a g  
o f  a i r c r a f t  t y p e  m o d e l .  
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LL  uith Placn number, a l s o  shows a 
sim!Ear t r e n d  as t h a t  o f  t h e  ax isymmet r i c  
OF 
model, e x c e p t i n g  t h a t  t h e  peak va lueofAC 
occurs  around m = 1.05 f o r  t h e  a i r c r a f t  
t y p e  model. Tho v a l u e  of A C  , as seen i n  
t h e  case of t h e  axisymmetr icDktodel,  d rops  
r a p i d l y  beyond Fl = 1.05 i n d i c a t i n g  t h e  
decay ing  i n f l u e n c e  of t h e  s t i n g  beyond t h e  
Rach number o f  1.05. 
V. Conc lus ions  
T e s t s  have shown t h a t  a t  subsonic  and 
t r a n s o n i c  Bach numbers t h e  model suppo r t  
s t i n q / s y s t e m  has  c o n s i d e r a b l e  i n f l u e n c e  on 
t n e  model b o a t - t a i l  and base P ressu res  and 
t h e  combined e f f e c t  is t o  reduce  t h e  zero-  
l i f t  d r a g  o f  t h e  model. 
F o r  r easonab l y  b o a t - t a i l e d  bod ies  
suDpor ted by  s t i n g ,  where t h e  s t i n g  geo- 
met ry  is such t h a t  d /d Z 1.0 and l / d  5 0 
t h e  appa ren t  r e d u c t i g n  4n z e r o - l i f t  dpag 
c o u l d  be as much as 20 t o  100 p e r c e n t  o f  
t h e  measured va lue .  
Though i t  i s  ment ioned  i n  Ref. 2 t h a t  
t h e  s u p p o r t  s t i n g  i n t e r f e r e n c e  is a ueak 
f u n c t i o n  of t h e  f r e e  s t ream Plach number a t  
l e a s t  u p t o  MGl.0,  under  l i m i t i n g  cond i-  
t i o n s  of t h e  body and s t i n g  geometr ies,  
such as t h e  ones r e p o r t e d  here, s i g n i f i -  
c a n t  i n c r e a s e  i n  s t i n g  e f f e c t  can be 
n o t i c e d  a t  mach numbers approach ing  u n i t y .  
most of t h i s  i n c r e a s e  can be a t t r i b u t e d  
t o  t h e  changes i n  t h e  h o a t - t a i l  p ressu res  
a lone.  
The o v e r a l l  e f f e c t  o f  t h e  8uppo r t  
system on t h e  d r a g  d i ve rgence  Rach number 
i s  t o  over  p r e d i c t  i t  t o  t h e  e x t e n t  o f  
0.02 t o  0.05. 
The suppo r t  system i n t e r f e r e n c e  on 
t.he model z e r o - l i f t  d r a g  decreases r a p i d l y  
a t  o r  s l i g h t l y  beyond a f r e e  s t ream mach 
number of u n i t y .  
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A b s t r a c t  
In  t h i s  paper  t h e  s u p p o r t  system 
i n t e r f e r e n c e  on t h e  z e r o - l i f t  d r a g  o f  an 
ax i symmet r i c  and an a i r c r a f t  t y p e  models 
i s  d iscussed.  Tuo d i f f e r e n t  t echn iques  
were adop ted  f o r  t h e  t u o  models  t e s t e d  t o  
e v a l u a t e  t h e  s u p p o r t  s t i n g  i n t e r f e r e n c e .  
It i s  found f r o m  these  t e s t s  t h a t  t h e  
presence o f  a r e a r  s t i n g  s u p p o r t  u o u l d  
r e s u l t  i n  a r e d u c t i o n  i n  t h e  z e r o - l i f t  
d r a g  o f  as much as 213 t o  50 p e r c e n t  o f  t h e  
t r u e  va lue.  This apparen t  r e d u c t i o n  i n  
d r a g  is f o u n d  t o  be a s t r o n g  f u n c t i o n  of 
t h e  f r e e  s t r eam Mach number c l o s e  t o  
u n i t y .  D e t a i l e d  p r e s s u r e  measurements 
o v e r  t h e  a f t- body  o f  t h e  a x i s y m n e t r i c  
model  SuQgeStS t h a t  due t o  t h e  p o s i t i v e  
p r e s s u r e  f i e l d  imposed by  t h e  s t i n g  over  
t h e  b o a t - t a i l  r e g i o n  o f  t h e  model t h e  f r e e  
s t ream Rach number a t  u h i c h  t h e  shocks 
appear  i n  t h e  b o a t - t a i l  r e g i o n  u i11 be 
h i g h e r  uhen t h e  s t i n g  i s  p r e s e n t  t h a n  t h a t  
u i t h o u t  i t .  This u i l l  r e s u l t  i n  an 
i n c r e a s e d  d r a g  d i ve rgence  flach number f o r  
t h e  model  i n  t h e  p resence  o f  t h e  s t i n g .  
It i s  a rgued  t h a t  because o f  t h i s  reason  
t h e  s t i n g  e f f e c t  on  z e r o - l i f t  d r a g  
s t r o n g l y  depends on  t h e  flach number c l o s e  
t o  u n i t y .  
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1 
L i s t  of Symbols 
Z e r o - l i f t  f o r e  d r a g  c o e f f i c i e n t  
Z e r o - l i f t  t o t a l  d rag  
c oe f  f i c i e n t  
Inc rement  i n  t h e  d r a g  
C o e f f i c i e n t  due t o  s t i n g  
I nc remen l  i n  t h e  b o a t - t a i l  
d r a g  c o e f f i c i e n t  due t o  S t i n g  
Inc rement  i n  t h e  base d r a g  
c o e f f i c i e n t  due t o  s t i n g  
Increment  i n  a f t  body d r a g  
c o e f f i c i e n t  due t o  s t i n g  
Raximum d iameto r  o f  t h e  model 
S t i ng  d i ame te r  a t  t h e  base of 
t h e  model 
Rode l  base d iamete r  
F r e e  s t ream Rach number 
Leng th  o f  t h e  cons tan t  d i a -  
meter  p o r t i o n  o f  t h e  s t i n g .  - 
S c i e n t i s t ,  Aerodynamics D i v i s i o n .  
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I. I n t r o d u c t i o n  
i s  w e l l  knoun t h a t  due t o  t h e  up- 
s t ream i n f l u e n c e  o f  t h e  r e a r  s t i n g  suppo r t  
system, t h e  model aerodynamic c h a r a c t e r -  
i s t i c s  g e t  a f f e c t e d  d u r i n g  u i n d  t u n n e l  
t e s t i n g .  I n e  magni tude o f  t h i s  i n f l u e n c e  
m a i n l y  depends on t h e  s t i n g  and model 
geometry a t  t h e  base. Th i s  upst ream 
i n f l u e n c e  i s  q u i t e  marked a t  subsonic  and 
t r a n s o n i c  speeds b u t  i s  r e l a t i v e l y  s m a l l  
a t  superson ic  speeds. The aerodynamic 
c h a r a c t e r i s t i c  u h i c h  g e t s  a f f e c t e d  n o s t ,  
because of' t h e  s u p p o r t  s t i n g  i n t e r f e r e n c e ,  
i s  t h e  z e r o - l i f t  d rag  o f  t h e  model and 
g e n e r a l l y  t h e  v a l u e  decreases. T h i s  
apparen t  decrease i n  d r a g  t u r n s  o u t  t o  be 
a s t r o n g  f u n c t i o n  o f  Rach number a t  
t r a n s o n i c  speeds f o r  c e r t a i n  t y p e  o f  s t i n g  
geometry. 
The p resen t  paper  d iscusses  t he  
s u p p o r t  system i n t e r f e r e n c e  on t h e  zero- 
l i f t  d r a g  o f  t u o  models i n  t he  flach number 
range o f  0.5 t o  1.2. The f i r - - t  model uas 
an ax isymmet r i c  one f o r  uhi.  he  zero-  
l i f t  d r a g  was f o r c e  measured J s i n g  a r e a r  
s t i n g  suppor t .  The s u p p o r t  s t i n g  i n t e r -  
f e r e n c e  f o r  t h i s  model uas  eva lua ted  by  
i n t e g r a t i n g  t h e  p ressu res  over  t h e  boa t-  
t a i l  s u r f a c e  and t h e  base o f  t h e  model. 
These p ressu res  u e r e  o b t a i n e d  by  u s i n g  a 
p r e s s u r e  model mounted on a separa te  s t r u t  
suppo r t ,  w i t h  and u i t h o u t  t h e  presence of 
t h e  dummy s t i n g  l o c a t e d  a t  t h e  model base. 
The second model uas  o f  a i r c r a f t  type. 
I n  t h i s  case t h e  z e r o - l i f t  d r a g  uas also 
f o r c e  measured by t h e  same r e a r  s t i n g  
suppor t .  B u t  t h e  suppo r t  s t i n g  i n t e r -  
fe rence  uas  e v a l u a t e d  by  making a d d i t i o n a l  
f o r c e  measurements on t h e  same model, 
suppor ted  f r o m  a " s lende r  s t i ng . "  
With t h e  abnve method o f  e v a l u a t i o n  of 
t h e  suppo r t  system i n t e r f e r e n c e  i t  i s  hoped 
t h a t  b u l k  o f  t h e  i n t e r f e r e n c e ,  u h i c h  is 
a t t r i b u t a b l e  t o  t h e  suppor t  system i n  t h e  
immediate ne ighbourhood o f  t h e  model base, 
i s  measured. I n  f a c t ,  t h e r e  i s  some 
i n d i r e c t  ev idence  t o  t h i s  e f f e c t .  
11. D e s c r i p t i o n  o f  t h e  models and 
t h e  Suppor t  System 
f i g .  1 g i v e s  t h e  g e o m e t r i c a l  d e t a i l s  
o f  t h e  model and t h e  t u o  suppo r t  systems 
used f o r  t h e  ax i symmet r i c  model. f i g .  2 
g i v e s  s u p p o r t  system d e t a i l s  o f  t h e  a i r -  
c r a f t  t y p e  model. A l l  t h e  r e l e v a n t  
g e o m e t r i c a l  pa ramete rs  of t h e  s t i n g s  a r o  
a l s o  marked i n  F i gs .  1 and 2. Both t h e  
models hod  s u i t a b l e  boundary l r y e r  t r i p p i n g  
